
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

@  Publication  number: 0 1 3 5   6 2 8  
A 2  

©  EUROPEAN  PATENT  APPLICATION 

@  Application  number:  83305794.6  ®  Int.  CI.4:  B  29  C  47/88,  B  29  L  7 / 0 0  

@  Date  of  filing:  28.09.83 

Date  of  publication  of  application:  03.04.85 
Bulletin  85/14 

g)  Applicant:  IDEMITSU  PETROCHEMICAL  COMPANY 
LIMITED,  No.  1-1,  3-chome,  Marunouchi  Chiyoda-ku, 
Tokyo  (JP) 

@  Inventor:  Fujii,  Atsushi,  No.  1660,  Kamiizumi 
Sodegaura-machl,  Kimltsu-gun  Chiba-Ken  (JP) 

Designated  Contracting  States:  AT  BE  CH  DE  FR  GB  IT 
LI  NLSE 

(74)  Representative  :  SERJEANTS,  25  The  Crescent  King 
Street,  Leicester,  LE1  6RX  (GB) 

Method  of  producing  thermoplastic  resin  sheet  or  film. 

  Thermoplastic  resin  sheets  are  produced  by  extruding 
molten  resin  through  a  T-die  and  water  quenching  the  ex- 
truded  sheet  in  a  multi-stage  slit  in  which  cooling  water 
flows.  The  water  level  in  the  first  slit  of  the  multi-stage  slit 
is  maintained  at  as  low  a level  as  possible. 



The  i n v e n t i o n   r e l a t e s   to   a  m e t h o d   of   p r o d u c i n g  

t h e r m o p l a s t i c   r e s i n   s h e e t   or  f i l m .  

Known  m e t h o d s   of  p r o d u c i n g   t h e r m o p l a s t i c   r e s i n   s h e e t  

or  f i l m   by  q u e n c h i n g   t h e   t h e r m o p l a s t i c   r e s i n   m a t e r i a l  

e x t r u d e d   t h r o u g h   a  T - d i e ,   i n c l u d e   t h e   c h i l l   r o l l   m e t h o d  

and  t h e   w a t e r   q u e n c h i n g   m e t h o d .  

The  c h i l l   r o l l   m e t h o d ,   h o w e v e r ,   has   v a r i o u s   d i s a d v a n t a g e s .  

Fo r   e x a m p l e , - s i n c e   a t   h i g h - s p e e d   m o u l d i n g   a i r   may  b e  

c a u g h t   b e t w e e n   one  of   t h e   r o l l s   and  t h e   m o l t e n   r e s i n  

s h e e t   or  t h e   c o n t a c t   b e t w e e n   t h e   r o l l   and  t h e   m o l t e n  

r e s i n   s h e e t   may  be  p o o r ,   u n e v e n n e s s   in  t h i c k n e s s   a n d  

w r i n k l e s   a r e   f o r m e d ;   in   t h e   c a s e   o f  

t h e   p r o d u c t i o n   of  t h i c k e r   s h e e t s ,   t h e   d i f f e r e n c e   in   t h e  

d e g r e e   of  c o o l i n g   b e t w e e n   t h e   o b v e r s e   and  r e v e r s e  



s u r f a c e s   of  t h e  m o l t e n   r e s i n   s h e e t   may  c a u s e   c u r l i n g ,   a n d  

i n s u f f i c i e n t   q u e n c h i n g   may  r e d u c e   t h e   t r a n s p a r e n c y   o r  

s u r f a c e   l u s t r e   of  t h e   f i n a l   p r o d u c t .  

The  w a t e r   q u e n c h i n g   m e t h o d   a l s o   s u f f e r s   f r o m  

d i s a d v a n t a g e s .   I n s u f f i c i e n t   or   u n e v e n   c o o l i n g   of   t h e  

m o l t e n   r e s i n   s h e e t ,   w h i c h   i s   c a u s e d   by  s w e l l i n g   o r  

s w a y i n g   of  t h e   w a t e r   s u r f a c e   due  to   a  l o c a l   r a d i a t i o n   o f  

t h e   h e a t   f r o m   t h e   m o l t e n   r e s i n   s h e e t   on  t h e   s u r f a c e  

of   c o o l i n g   w a t e r ,   may  g i v e   r i s e   t o   t h e   f o r m a t i o n   of   h a z e  

d o t s   and  u n e v e n n e s s   in   t h i c k n e s s   and  f u r t h e r   t o   a  

r e d u c t i o n   or  u n e v e n n e s s   in   t r a n s p a r e n c y   and  s u r f a c e  

l u s t r e .   H i g h - s p e e d   m o u l d i n g   c a n n o t   t h e r e f o r e   be  c o n d u c t e d .  

An  a d v a n t a g e   of  t h e   w a t e r   q u e n c h i n g   m e t h o d   o v e r   t h e   c h i l l  

r o l l   m e t h o d   i s   t h a t   t h e   s h e e t   or   f i l m   c a n . b e   c o o l e d  

e f f i c i e n t l y .   Fo r   t h i s   r e a s o n ,   a  m e t h o d   has   b e e n  

p r o p o s e d   to   o v e r c o m e   t h e   a b o v e - d e s c r i b e d   p r o b l e m s   of   t h e  

w a t e r   q u e n c h i n g   m e t h o d ,   in   w h i c h   t h e   m o l t e n   r e s i n   s h e e t  

i s   c o o l e d   by  a  c o o l i n g   w a t e r   s t r e a m   f l o w i n g   on  b o t h   s i d e s  

t h e r e o f .   H o w e v e r ,   e v e n   in   a c c o r d a n c e   w i t h   t h i s   i m p r o v e d  

m e t h o d ,   p r o p e r t i e s   s u c h   as  t r a n s p a r e n c y   of  s h e e t   or   f i l m  

and  h i g h - s p e e d   m o u l d a b i l i t y   a r e   n o t   s u f f i c i e n t l y  

s a t i s f a c t o r y .   T h i s   t e n d e n c y   b e c o m e s   n o t i c e a b l e   as  t h e  

t h i c k n e s s   of  t h e   s h e e t   or  f i l m   i s   i n c r e a s e d   or   t h e  

m o u l d i n g   r a t e   i s   i n c r e a s e d .  



We  h a v e   a l r e a d y   d e v e l o p e d   a  m e t h o d   of  f o r m i n g   t h e r m o -  

p l a s t i c   r e s i n   s h e e t   or   f i l m ,   w h i c h   o v e r c o m e s   t h e  

p r o b l e m s   as  d e s c r i b e d   a b o v e   ( s e e   J a p a n e s e   P a t e n t  

A p p l i c a t i o n   No.  5 5 2 9 1 / 1 9 8 2 ) .   T h u s  t h e   p r e s e n t  

i n v e n t i o n   p r o v i d e s   an  i m p r o v e d   m e t h o d   o v e r   t h e   f o r e g o i n g  

m e t h o d .  

The  i n v e n t i o n   p r o v i d e s   a  m e t h o d   of  p r o d u c i n g   a  t h e r m o -  

p l a s t i c   s h e e t   or  f i l m ,   t h e   m e t h o d   c o m p r i s i n g   e x t r u d i n g  

a  m o l t e n   t h e r m o p l a s t i c   r e s i n   s h e e t   t h r o u g h   a  T - d i e   a n d  

w a t e r   q u e n c h i n g   i t   c h a r a c t e r i s e d   in   t h a t   t h e   w a t e r  

q u e n c h i n g   t a k e s   p l a c e   in   a  m u l t i - s t a g e   s l i t   in   w h i c h  

c o o l i n g   w a t e r   i s   f l o w i n g .  

V a r i o u s   t h e r m o p l a s t i c   r e s i n s  c a n   be  u s e d   in   t h e  

p r o d u c t i o n   of  s h e e t   or  f i l m   by  t h e   m e t h o d   of  t h e  

i n v e n t i o n .   S u i t a b l e   e x a m p l e s   a r e   o l e f i n - b a s e d   r e s i n s ,  

s u c h   as  h i g h   d e n s i t y   p o l y e t h y l e n e ,   m e d i u m   d e n s i t y  

p o l y e t h y l e n e ,   low  d e n s i t y   p o l y e t h y l e n e ,   p o l y p r o p y l e n e ,  

p o l y b u t e n e - 1 ,   p o l y ( 4 - m e t h y l - p e n t e n e - 1 ) ,   c o p o l y m e r s   o f  

e t h y l e n e   and  o t h e r   @ - o l e f i n s   or  u n s a t u r a t e d   a c i d s   ( e . g .  

an  e t h y l e n e / p r o p y l e n e   c o p o l y m e r ,   an  e t h y l e n e / b u t e n e - 1  

c o p o l y m e r ,   an  e t h y l e n e / o c t e n e - 1   c o p o l y m e r ,   an  e t h y l e n e /  

v i n y l   a c e t a t e   c o p o l y m e r ,   an  e t h y l e n e / a c r y l i c   a c i d  

c o p o l y m e r ,   e t c . ) ,   and  c o p o l y m e r s   of   p r o p y l e n e   and  o t h e r  

@ - o l e f i n s   or  u n s a t u r a t e d   a c i d s ;   p o l y a m i d e   r e s i n s ,   s u c h  

as  N y l o n - 6   and  N y l o n - 6 , 6 ;   p o l y e s t e r   r e s i n s ,   s u c h   a s  



p o l y e t h y l e n e   t e r e p h t h a l a t e   a n d  p o l y b u t y l e n e   t e r e p h t h a l a t e ;  

p o l y v i n y l   c h l o r i d e   r e s i n s ;   p o l y v i n y l i d e n e   c h l o r i d e   r e s i n s ;  

p o l y v i n y l   a l c o h o l   r e s i n s ;   and  p o l y s t y r e n e   r e s i n s .  

E s p e c i a l l y ,   t h e   p r e s e n t   i n v e n t i o n   i s   e f f e c t i v e   w h e n ,   o f  

t h e   t h e r m o p l a s t i c   r e s i n s   as  d e s c r i b e d   a b o v e ,   c r y s t a l l i n e  

t h e r m o p l a s t i c   r e s i n s   c a u s i n g   v a r i o u s   p r o b l e m s ,   s u c h   a s  

in   r e s p e c t   of   t r a n s p a r e n c y   and  s u r f a c e   p r o p e r t i e s   a r e  

u s e d .   The  m e t h o d   of  t h e   i n v e n t i o n   i s   p r e f e r a b l y  

a p p l i c a b l e   to   t h e   p r o d u c t i o n   of   s h e e t   or   f i l m   f r o m  

o l e f i n - b a s e d   r e s i n s ,   p a r t i c u l a r l y   p r o p y l e n e - b a s e d  

r e s i n s .  

T h e s e   p r o p y l e n e - b a s e d   r e s i n s   i n c l u d e   a  h o m o p o l y m e r   o f  

p r o p y l e n e   and  r a n d o m   or  b l o c k   c o p o l y m e r s   of  a t   l e a s t  

80%  by  w e i g h t   of  p r o p y l e n e   and  o t h e r   p o l y m e r i z a b l e  

m o n o m e r s ,   h a v i n g   a  d e n s i t y   of  f r o m   0 . 8 9 5   to   0 . 9 1 5   g / c c  

and  a  m e l t   i n d e x   of  f r o m   0 . 1   to   10  g / 1 0   m i n u t e s ,  

p r e f e r a b l y   f r o m   0 . 3  t o   5  g / 1 0   m i n u t e s .  

The  t e r m   " s h e e t   or  f i l m "   as  u s e d   h e r e i n   i n c l u d e s   b o t h  

s i n g l e   l a y e r   s h e e t s   or  f i l m s   and  m u l t i - l a y e r   s h e e t s  

or  f i l m s .  

T h e s e   c r y s t a l l i n e   t h e r m o p l a s t i c   r e s i n s   may  f u r t h e r  

c o n t a i n   n u c l e a t i n g   a g e n t s .   S u i t a b l e   e x a m p l e s   of   s u c h  

n u c l e a t i n g   a g e n t s   i n c l u d e   a r o m a t i c   m o n o -   or  p o l y -  



- c a r b o x y l i c   a c i d s ,   s u c h   as  b e n z o i c   a c i d ,   p - ( t - b u t y l ) -  

- b e n z o i c   a c i d ,   o - m e t h y l b e n z o i c  a c i d ,   2 , 4 - d i m e t h y l -  

b e n z o i c   a c i d , o c - n a p h t h o i c  a c i d ,   m - c h l o r o b e n z o i c   a c i d ,  

m - n i t r o b e n z o i c   a c i d ,   o - a m i n o b e n z o i c   a c i d ,   i s o p h t h a l i c  

a c i d ,   t e r e p h t h a l i c   a c i d ,   m o n o m e t h y l p h t h a l a t e ,   p h t h a l i c  

a c i d ,   t r i m e l l i t i c   a c i d ,   and   p y r o m e l l i t i c   a c i d ,   or   t h e i r  

a n h y d r i d e s ,   or   t h e i r  m e t a l   s t a l t s ;   a r o m a t i c   s u l p h o n i c  

a c i d s ,   s u c h   as  b e n z e n e s u l p h o n i c   a c i d ,   2 , 5 - d i c h l o r o -  

b e n z e n e s u l p h o n i c   a c i d ,   m - x y l e n e s u l p h o n i c   a c i d ,   a n d  

@ - n a p h t h a l e n e s u l p h o n i c   a c i d ,   or   t h e i r   m e t a l   s a l t s ;  

a l i p h a t i c   o r   a r o m a t i c   o x y a c i d s ,   s u c h   as  m a l i c   a c i d ,  

t a r t a r i c   a c i d ,   c i t r i c   a c i d ,   and   s a l i c y l i c   a c i d ,   or   t h e i r  

m e t a l   s a l t s ;   s a t u r a t e d   a l i p h a t i c   o r   a l i c y c l i c  

d i c a r b o x y l i c   a c i d s ,   s u c h   as  o x a l i c   a c i d ,   m a l o n i c   a c i d ,  

s u c c i n i c   a c i d ,   a d i p i c   a c i d ,   s u b e r i c   a c i d ,   s e b a c i c   a c i d ,  

o r   t h e i r   a n h y d r i d e s ;   c i s - c y c l o h e x a n e - l , 4 - d i c a r b o x y l i c  

a c i d ,   or  i t s   m e t a l   s a l t s ;   n u c l e u s - s u b s t i t u t e d   a l i p h a t i c  

m o n o c a r b o x y l i c   a c i d s ,   s u c h   as  m o n o p h e n y l a c e t i c   a c i d ,  

d i p h e n y l g l y c o l i c   a c i d ,   p h e n y l d i m e t h y l a c e t i c   a c i d ,   a n d  

c y c l o h e x y l i c   a c i d ,   or   t h e i r   m e t a l   s a l t s ;   d i b e n z y l i d e n e  

s o r b i t o l s ,   s u c h   as  d i b e n z y l i d e n e   s o r b i t o l ,   d i b e n z y l i d e n e  

x y l i t o l ,   d i b e n z y l i d e n e   p e r c i t o l ,   and  d i b e n z y l i d e n e  

m a n n i t o l ,   and  t h e i r   d e r i v a t i v e s   in   w h i c h   t h e   b e n z e n e  

n u c l e u s   i s   s u b s t i t u t e d   by ,   f o r   e x a m p l e ,   an  a l k y l   g r o u p ,  

an  a l k o x y  g r o u p ,   o r   a  h a l o g e n  a t o m ;   and   i n o r g a n i c   p o w d e r s ,  

s u c h   as  s i l i c a ,   t a l c   and   z e o l i t e .   T h e  m e t a l   s a l t s   a s  

d e s c r i b e d   a b o v e   a r e   t h e   s a l t s   of   m e t a l s   b e l o n g i n g   t o  



G r o u p s   I  t o   I I I   of   t h e   P e r i o d i c   T a b l e ,  s u c h   as  l i t h i u m ,  

s o d i u m ,   p o t a s s i u m ,   m a g n e s i u m ,   c a l c i u m ,   z i n c ,   a n d  

a l u m i n i u m .  

The  a m o u n t   of   t h e   n u c l e a t i n g   a g e n t   a d d e d   i s   u s u a l l y  

f r o m   0 . 0 0 5   t o   1%  by  w e i g h t ,   p r e f e r a b l y   f r o m   0 . 0 5   t o  

0 .5%  by  w e i g h t ,   b a s e d   on  t h e   c r y s t a l l i n e   t h e r m o p l a s t i c  

r e s i n .   I f   t h e   a m o u n t   of   t h e   n u c l e a t i n g   a g e n t   a d d e d   i s  

l e s s   t h a n   0 .005%  by  w e i g h t ,   no  s u f f i c i e n t   e f f e c t   c a n  

be  o b t a i n e d .   On  t h e   o t h e r   h a n d ,   e v e n   i f   t h e   n u c l e a t i n g  

a g e n t   i s   a d d e d   i n   e x c e s s   of   1%  by  w e i g h t ,   no  a d d i t i o n a l  

e f f e c t   can   be  o b t a i n e d ,   and   t h u s   i t   i s   u n e c o n o m i c a l .  

In   t h e   p r e s e n t  i n v e n t i o n ,   i f   n e c e s s a r y ,   a d d i t i v e s   s u c h  -  

as   s u r f a c e   a c t i v e   a g e n t s ,   l u b r i c a n t s ,   and  a n t i o x i d a n t s  

can   be  a d d e d   to   t h e   c r y s t a l l i n e   t h e r m o p l a s t i c   r e s i n s  

c o n t a i n i n g   t h e   n u c l e a t i n g   a g e n t s   as  d e s c r i b e d   a b o v e .  

In   e a r l i e r   m e t h o d s ,   when   a  s h e e t - s h a p e d   t h e r m o p l a s t i c  

r e s i n   in   a  m o l t e n   s t a t e   was  e x t r u d e d   t h r o u g h   a  T - d i e   a n d  

i n t r o d u c e d   i n t o   a  s l i t   in   w h i c h   c o o l i n g   w a t e r   i s   f l o w i n g ,  

t h e   r e s i n   was  c o o l e d   u n e v e n l y   and   a  s h e e t   o r   f i l m   h a v i n g  

s a t i s f a c t o r y   t r a n s p a r e n c y   and  s u r f a c e   l u s t r e   c o u l d   n o t  

be  o b t a i n e d   u n l e s s   t h e   w a t e r   l e v e l   in   t h e   s l i t   w a s  

m a i n t a i n e d   a t   as  l o w  a   l e v e l   as  p o s s i b l e .   On  t h e   o t h e r  

h a n d ,   t h e   p r e s e n t   i n v e n t i o n   u t i l i z e s   an  a t   l e a s t   t w o -  

- s t a g e   s l i t .   In  t h e   m e t h o d   of  t h e   i n v e n t i o n ,   t h e r e f o r e ,  



a l t h o u g h   t h e   w a t e r   l e v e l   i n   t h e   f i r s t   s l i t   s h o u l d   b e  

s e t   a t   t h e   l o w e s t   p o s s i b l e   l e v e l ,   t h e   t u r b u l e n c e   o f   t h e  

w a t e r   s t r e a m   in   t h e   s u b s e q u e n t   s l i t s   d o e s   n o t   e x e r t  

a p p r e c i a b l e   i n f l u e n c e s   on  t h e   q u a l i t y   o f   s h e e t   o r   f i l m ,  

and   i t   i s  n o t   n e c e s s a r y   t o   pay   any   s p e c i a l   a t t e n t i o n   t o  

t h e   c o n t r o l   of  t h e   w a t e r   l e v e l   in   t h e   s u b s e q u e n t   s l i t s .  

T h i s   i s   u n e x p e c t e d   and  a s t o n i s h i n g .   The  t e r m   " m u l t i -  

- s t a g e   s l i t "   as  u s e d   h e r e i n   m e a n s   f r o m   2  t o   5  s t a g e   s l i t s  

and  p r e f e r a b l y   2  o r   3  s t a g e   s l i t s .  

The  i n v e n t i o n   i s   f u r t h e r   d e s c r i b e d   w i t h   r e f e r e n c e   t o   t h e  

a c c o m p a n y i n g   d r a w i n g s ,   of   w h i c h :  

F i g .   1  i s   a  s c h e m a t i c   d i a g r a m   s h o w i n g   an  e m b o d i m e n t   o f  

t h e  m e t h o d   of  t h e   i n v e n t i o n ;   a n d  

F i g .   2  i s   a  s c h e m a t i c   d i a g r a m   s h o w i n g   a n o t h e r   e m b o d i m e n t  

of  t h e   m e t h o d   of  t h e   i n v e n t i o n .  

A  t h e r m o p l a s t i c   r e s i n   s h e e t   2  as  e x t r u d e d   in   a  m o l t e n  

s t a t e   t h r o u g h   a  T - d i e   1  i s   i n t r o d u c e d   i n t o   t h e   f i r s t  

s l i t   3  in   w h i c h   c o o l i n g   w a t e r   i s   f l o w i n g .   The  f i r s t  

s l i t   3  i s   c o n n e c t e d   t o   t h e   f i r s t   w a t e r   b a t h   4  p o s i t i o n e d  

b e l o w   t h e   T - d i e   1,  and  t h e   l e n g t h   of   t h e   f i r s t   s l i t   3  

i s   u s u a l l y   f r o m   5  to   100  mm  and  p r e f e r a b l y   f r o m   30  to   5 0  

mm.  In   t h e   f i r s t   w a t e r   b a t h   4,  i t   i s  p r e f e r r e d   t h a t  

t h e   c o o l i n g   w a t e r   c o m i n g   i n t o   c o n t a c t   w i t h   t h e   t h e r m o -  

p l a s t i c   r e s i n   s h e e t   s h o u l d   f l o w   i n   a  l a m i n a r   f l o w   s t a t e .  



In  o r d e r   t o   i n s u r e   t h e   l a m i n a r   f l o w   s t a t e   of   t h e  

c o o l i n g   w a t e r ,   i t   i s   e f f e c t i v e   t o   i n c r e a s e   t h e   v i s c o s i t y  

o f   t h e   c o o l i n g   w a t e r .  

The  s u r f a c e   s m o o t h n e s s   and   h a z e   d o t s   of   t h e   f i l m   o r  

s h e e t   i s   m o r e   i m p r o v e d   when   a  v i s c o u s   f l u i d   i s   u s e d  

as  t h e   c o o l i n g   w a t e r .   In  t h i s   c a s e ,   t h e   v i s c o s i t y   o f  

t h e   v i s c o u s   f l u i d   i s   f r o m   2  t o   3 , 0 0 0   c e n t i p o i s e s   a n d  

p r e f e r a b l y   f r o m   3  t o   1 , 0 0 0   i c e n t i p o i s e s .   A  p r e f e r r e d  

e x a m p l e   of   s u c h   v i s c o u s   f l u i d s   i s   an  a q u e o u s   s o l u t i o n   o f  

an  o r g a n i c   or   i n o r g a n i c   t h i c k e n i n g   a g e n t .   As  o r g a n i c  

t h i c k e n i n g   a g e n t s ,   v a r i o u s   c o m p o u n d s   s u c h   as   n a t u r a l  

p o l y m e r i c   s u b s t a n c e s ,   and   s y n t h e t i c   s u b s t a n c e s   ( i n c l u d i n g  

s e m i - s y n t h e t i c   s u b s t a n c e s )   c an   be  u s e d .  

E x a m p l e s   of   n a t u r a l   p o l y m e r i c   s u b s t a n c e s   i n c l u d e  

s t a r c h e s   s u c h   as  p o t a t o   s t a r c h ,   s w e e t   p o t a t o   s t a r c h ,  

w h e a t   s t a r c h ,   e t c . ,   m a n n a n s   s u c h   as  k o n n y a k u ;   s e a w e e d s  

s u c h   as  a g a r ,   s o d i u m   a l g i n a t e ,   e t c . ;   v i s c o u s   s u b s t a n c e s  

o r i g i n a t e d   in  p l a n t s   s u c h   as  t r a g a n t h   gum,  gum  a r a b i c ,  

e t c ;   v i s c o u s   s u b s t a n c e s   o r i g i n a t e d   i n  m i c r o o r g a n i s m s  

s u c h   as  d e x t r i n ,   l e v a n ,  e t c . ;   and  p r o t e i n s   s u c h   as  g l u e ,  

g e l a t i n ,   c a s e i n ,   c o l l a g e n ,   e t c .   E x a m p l e s   of   s e m i -  

- s y n t h e t i c   s u b s t a n c e s   i n c l u d e   c e l l u l o s e s   s u c h   a s  

v i s c o s e ,   m e t h y l   c e l l u l o s e ,   c a r b o x y m e t h y l   c e l l u l o s e ,  

e t c ;   s t a r c h   s u b s t a n c e s   s u c h   as  s o l u b l e   s t a r c h ,  

c a r b o x y m e t h y l   s t a r c h ,   d i a l d e h y d e  s t a r c h ,   e t c .   E x a m p l e s  



of   s y n t h e t i c   s u b s t a n c e s   i n c l u d e   p o l y v i n y l   a l c o h o l ,  

p o l y m e r   o f   s o d i u m   a c r y l a t e ,   p o l y e t h y l e n e   o x i d e ,   e t c .  

E x a m p l e s  o f   i n o r g a n i c   t h i c k e n i n g   a g e n t s   a r e   s i l i c a  

s o l ,   a l u m i n a   s o l ,   c l a y ,  w a t e r   g l a s s ,   and   v a r i o u s   m e t a l  

s a l t s .  

In   a d d i t i o n   t o   t h e   a q u e o u s   s o l u t i o n s   as   p r e p a r e d   b y  

a d d i n g   t h e   t h i c k e n i n g   a g e n t s   as  d e s c r i b e d   a b o v e ,   v i s c o u s  

s u b s t a n c e s   s u c h   as  p o l y e t h y l e n e   g l y c o l ,   p o l y p r o p y l e n e  

g l y c o l ,   and  s i l i c o n e   o i l   can   be  u s e d .  

In  t h e   p r e s e n t   i n v e n t i o n ,   t h e   c o o l i n g   w a t e r   i s   u s e d   t o  

c o o l   t h e   t h e r m o p l a s t i c   r e s i n   s h e e t .   The  t e m p e r a t u r e   o f -  

t h e   c o o l i n g   w a t e r   i s   s u i t a b l y   w i t h i n   t h e   r a n g e   of   f r o m  

- 1 0   t o   + 5 0 ° C ,   w i t h   t h e   r a n g e   of   f r o m   2  t o   30°C  b e i n g  

p r e f e r r e d .   In   t h e   p r o d u c t i o n   of   s h e e t   h a v i n g   a  t h i c k n e s s  

of   a t   l e a s t   0 . 2  m m ,   t h e   f o r m a t i o n   of   h a z e   d o t s   can   b e  

e f f e c t i v e l y   p r e v e n t e d   by  c o n t r o l l i n g   t h e   t e m p e r a t u r e   o f  

t h e   c o o l i n g   w a t e r   t o   20°C  or   l o w e r   and   p r e f e r a b l y   1 0 ° C  

or   l o w e r .   The  c o o l i n g   e f f i c i e n c y   can   be  f u r t h e r  

i n c r e a s e d   by  i m p r o v i n g   t h e   w e t t i n g   p r o p e r t i e s   o f   t h e  

t h e r m o p l a s t i c   r e s i n   s h e e t   t h r o u g h   t h e   a d d i t i o n   of   s u r f a c e  

a c t i v e   a g e n t s   to  t h e   t h i c k e n i n g   a g e n t s   as  d e s c r i b e d  

a b o v e .  

The  w a t e r   l e v e l   s h o u l d   b e  l o w e r e d   as  much   as  p o s s i b l e .  



T h i s   p e r m i t s   t h e   p r e v e n t i o n   of  p a r t i a l   b o i l i n g   and   t h e  

u n i f o r m a l i z a t i o n   of   c o o l i n g   p o i n t s .   The  w a t e r   l e v e l   i s  

p r e f e r a b l y   7  nm  or   l e s s .   I f   t h e   w a t e r   l e v e l   i s   h i g h e r  

t h a n   10  mm,  b o i l i n g   d o t s ,   h a z e   d o t s   and   c u r l s   a r e   f o r m e d  

in   t h e   s h e e t   o b t a i n e d ,   and  t h e   t o t a l   h a z e   b e c o m e s   2 5 - 2 8 % .  

The  c o o l i n g   w a t e r   f l o w s   f r o m   t h e   f i r s t   w a t e r   b a t h   4  i n t o  

t h e   f i r s t   s l i t   3.  The  t h e r m o p l a s t i c   r e s i n   s h e e t   a n d  

t h e   c o o l i n g   w a t e r   r u n   in   t h e   same  d i r e c t i o n ,   and   t h e  

c o o l i n g   w a t e r   f l o w s   on  b o t h  s u r f a c e s   o f   t h e   t h e r m o p l a s t i c  

r e s i n   s h e e t ,   c o o l i n g   i t   e f f i c i e n t l y .   I t   i s   d e s i r a b l e  

f o r   t h e   f l o w   r a t e   of   t h e   c o o l i n g   w a t e r   t o   be  e q u a l   t o   o r  

h i g h e r   t h a n   t h e   r u n n i n g   s p e e d   of   t h e   t h e r m o p l a s t i c  

r e s i n   s h e e t .  

The  t h e r m o p l a s t i c   r e s i n   s h e e t   n e x t   p a s s e s   t h r o u g h   t h e  

s e c o n d   s l i t   5.  I t   i s   s u i t a b l e   t h a t   t h e   s e c o n d   s l i t   5 

be  p o s i t i o n e d   b e l o w   t h e   f i r s t   s l i t   3  and   t h a t   t h e   d i s t a n c e  

b e t w e e n   t h e   f i r s t   and   s e c o n d   s l i t s   be  f r o m   10  t o   200  mm. 

The  s e c o n d   s l i t   5  i s   c o n n e c t e d   to   t h e   s e c o n d   w a t e r   b a t h  

6,  and   t h e   l e n g t h   of   t h e   s e c o n d   s l i t   5  i s   s u i t a b l y   f r o m  

5  t o   100 mm  and   p r e f e r a b l y   f r o m   30  t o   50  mm  as  i n   t h e  

c a s e   of   t h e   f i r s t   s l i t   3.  In   t h e   same  a r r a n g e m e n t   a s  

a b o v e ,   t h e   d e s i r e d   n u m b e r   of   s l i t s   and   w a t e r   b a t h s ,  s u c h  

as  t h e   t h i r d  s l i t   and  t h i r d   w a t e r   b a t h   and   t h e   f o u r t h  

s l i t   and   f o u r t h   w a t e r   b a t c h ,   c an   be  p r o v i d e d .   In   t h e  

s e c o n d   s l i t   and   t h e   s u b s e q u e n t   s l i t s ,   t h e   t h e r m o p l a s t i c  



r e s i n   s h e e t   i s   c o o l e d   by  t h e   f l o w   of   t h e   c o o l i n g   w a t e r  

t h e r e o n   as  in   t h e   c a s e   of   t h e   f i r s t   s l i t   3.  As  s h o w n  

in   t h e   d r a w i n g s ,   f r e s h   c o o l i n g   w a t e r   i s   a d d e d   t o   t h e  

s e c o n d   s l i t   and  t h e   s u b s e q u e n t   s l i t s .   In   t h e   s e c o n d   s l i t  

and  t h e   s u b s e q u e n t   s l i t s ,   h o w e v e r ,   t h e   w a t e r   l e v e l   o f   t h e  

c o o l i n g   w a t e r   i s   n o t   i m p o r t a n t .   T h i s   i s   due   t o   t h e  

u n e x p e c t e d  f a c t   t h a t   t h e   t u r b u l e n c e   of   t h e   c o o l i n g   w a t e r  

a t   t h e s e   s t a g e s   d o e s   n o t   e x e r t   a d v e r s e   i n f l u e n c e s   on  t h e  

q u a l i t y   of   t h e   s h e e t   or   f i l m .  

The  t h e r m o p l a s t i c   r e s i n   s h e e t   i n t r o d u c e d   and   c o o l e d   i n  

t h e   m u l t i - s t a g e   s l i t   i n   w h i c h   t h e   c o o l i n g   w a t e r   f l o w s   i s  

t h e n   w i t h d r a w n   t h r o u g h   g u i d e   r o l l s   7  and   8  a n d   f u r t h e r  

d r a i n i n g   r o l l   9  by  t a k e - o f f   r o l l   10  as  i l l u s t r a t e d   i n  

F i g .   1,  or  i s   w i t h d r a w n   t h r o u g h   g u i d e   r o l l   8  and   d r a i n i n g  

r o l l   9  by  t a k e - o f f   r o l l   10  w i t h o u t   p a s s i n g   t h r o u g h   t h e  

w a t e r   b a t h   as  i l l u s t r a t e d   i n   F i g .   2.  The  g u i d e   r o l l   7  i s  

u s e d   t o   e n s u r e   t h a t   t h e   t h e r m o p l a s t i c   r e s i n   s h e e t   i s  

a l w a y s   p o s i t i o n e d   i n   t h e   c e n t r a l   p a r t   of  t h e   s l i t   a n d  

f u r t h e r   t o   e n s u r e   t h e   a c c u r a c y   of   t h e   s h e e t   or   f i l m  

t h i c k n e s s   by  r u n n i n g   t h e   f i l m - s h a p e d   t h e r m o p l a s t i c  

r e s i n   a t   a  f i x e d   s p e e d .  

In  t h e   d r a w i n g s ,   t h e   r e f e r e n c e   n u m e r a l   11  i n d i c a t e s   a  

l o w e r   w a t e r   b a t h ;   12,   a  w a t e r   l e v e l - c o n t r o l l i n g   p l a t e ;  

13 ,   an  o v e r f l o w   p l a t e ;   14 ,   a  c o o l e r ;   and   15,   a  p u m p .  



A l t h o u g h   t h e   p r e s e n t   i n v e n t i o n   has   b e e n   e x p l a i n e d   a b o v e  

r e f e r r i n g   to   a  w a t e r   b a t h   s y s t e m   in   w h i c h   t h e  

t h e r m o p l a s t i c   r e s i n   s h e e t   i s   c o o l e d ,   i t   can   a l s o   b e  

p e r f o r m e d   by  a  s l i t   j e t   s y s t e m   w i t h   t h e   same  r e s u l t s  

as  a b o v e .  

When  c u r l s   a r e   o b s e r v e d   in   t h e   s h e e t   or  f i l m   o b t a i n e d  

by  t h e   m e t h o d   of  t h e   i n v e n t i o n ,   t h e y   can   be  c o m p l e t e l y  

r e m o v e d   by  h e a t i n g   t h e   s h e e t   or   f i l m   a t   a  t e m p e r a t u r e  

of  f rom  60°C  t o   t h e   m e l t i n g   p o i n t   of  t h e   t h e r m o p l a s t i c  

r e s i n ,   f o r   e x a m p l e ,   a t   a  t e m p e r a t u r e   of  f r o m   80  t o  

130°C  in   t h e   c a s e   of  p r o p y l e n e - b a s e d   r e s i n s .   T h i s   h e a t  

t r e a t m e n t   i s   p e r f o r m e d   f o r   f r o m   1  s e c o n d   to   60  m i n u t e s  

and  p r e f e r a b l y   f r o m   5  s e c o n d s   t o   10  m i n u t e s .   A l t h o u g h  

t h i s   h e a t   t r e a t m e n t   can   be  p e r f o r m e d   by  any  c o n v e n t i o n a l  

t e c h n i q u e ,   i t   i s   p r e f e r r e d   to   c o n d u c t   i t   by  t h e   r o l l  

a n n e a l i n g   p r o c e s s   u s i n g   h e a t i n g   r o l l s .  

In  a c c o r d a n c e   w i t h   t h e   m e t h o d   of  t h e   i n v e n t i o n ,   w h e n  

t h e   n u c l e a t i n g   a g e n t   i s   a d d e d ,   s h e e t   or  f i l m   of  h i g h  

r i g i d i t y   can  be  p r o d u c e d   w i t h o u t   a p p l i c a t i o n   of  t h e  

a n n e a l i n g   p r o c e d u r e .   H o w e v e r ,   c u r l i n g   i s   l i a b l e   t o  

o c c u r   in   s h e e t s   h a v i n g   r e l a t i v e l y   h i g h   t h i c k n e s s e s .  

In  t h i s   c a s e   i t   i s   n e c e s s a r y   to   a p p l y   t h e   a n n e a l i n g  

p r o c e d u r e   t o   r e m o v e   s u c h   c u r l s .   On  t h e   o t h e r   h a n d ,  

c u r l i n g   d o e s   n o t   o c c u r   when  any  n u c l e a t i n g   a g e n t   i s   n o t  

a d d e d .   T h i s   a n n e a l i n g ,   h o w e v e r ,   i n c r e a s e s   t h e   r i g i d i t y  



of  s h e e t   o r  f i l m   by  20-50%  and  f u r t h e r   i n c r e a s e s   t h e  

t r a n s p a r e n c y   ( h a z e )   by  a b o u t   50%.  T h i s   i n c r e a s e   of  t h e  

t r a n s p a r e n c y   i s   an  u n e x p e c t e d   and  a s t o n i s h i n g   f a c t .  

In  a c c o r d a n c e   w i t h   t h e   m e t h o d   of  t h e   i n v e n t i o n ,   e v e n  

when  c r y s t a l l i n e   t h e r m o p l a s t i c   r e s i n s   a r e   u s e d   as  t h e  

s t a r t i n g   m a t e r i a l ,   t h e r e   can   be  p r o d u c e d   s h e e t   or  f i l m  

w h i c h   i s   n o t   o r i e n t e d   and  i s   s u p e r i o r   in  t r a n s p a r e n c y  

and  s u r f a c e   l u s t r e .   F u r t h e r m o r e   t h i s   s h e e t   or  f i l m  

i s   f r e e d   of  u n e v e n n e s s   in   t h i c k n e s s ,   w r i n k l e s   and  c u r l s ,  

and  t h u s   i s   s u p e r i o r   in   u n i f o r m i t y .  

The  m e t h o d   of  t h e   i n v e n t i o n   has   a d v a n t a g e s   in   t h a t   s h e e t  

or  f i l m   can   be  p r e p a r e d   by  h i g h - s p e e d   m o u l d i n g   a t   a t  

l e a s t   10  m e t r e s   p e r   m i n u t e ,   and  t h e   c o o l i n g   c o s t   i s   l o w .  

The  s h e e t   or   f i l m   p r o d u c e d   by  t h e   m e t h o d   of  t h e   i n v e n t i o n  

has   s u p e r i o r   p r o p e r t i e s   as  d e s c r i b e d   a b o v e   and  t h e r e f o r e  

i s   s u i t a b l e   f o r   u s e   in   w r a p p i n g   of  f o o d s ,   m e d i c i n e s ,   e t c .  

F u r t h e r ,   t h e   s h e e t   or  f i l m   can   be  u s e d   as  a  raw  m a t e r i a l  

f o r   s o l i d   m o u l d i n g   s u c h   as  p r e s s u r e   m o u l d i n g ,   r o l l  

c a l e n d e r   m o u l d i n g ,   and  e x t e n s i o n   m o u l d i n g .  

The  i n v e n t i o n   i s   d e s c r i b e d   in   g r e a t e r   d e t a i l   w i t h  

r e f e r e n c e   to   t h e   f o l l o w i n g   E x a m p l e s .  



EXAMPLES  1  to   5 

P o l y p r o p y l e n e   ( d e n s i t y :   0 . 9 1   g / c c ;   m e l t   i n d e x :   2 .0   g / 1 0  

m i n u t e s )   was  e x t r u d e d   a t   a  r e s i n   t e m p e r a t u r e   of  2 6 0 ° C  

by  means   of  a  T - d i e   e x t r u d e r   ( d i a m e t e r :   60  mm;  L / D = 2 8 ;  

d i e   w i d t h :   550  mm;  d i e   l i p   o p e n i n g :   1  mm).  The  m o l t e n  

r e s i n   s h e e t   t h u s   e x t r u d e d   was  i n t r o d u c e d   in   t h e   f i r s t  

s l i t   ( w i d t h :   2  mm;  l e n g t h :   45  mm)  in  w h i c h   c o o l i n g   w a t e r  

( t e m p e r a t u r e :   16°C)  was  f l o w i n g   a n d ,   t h e r e a f t e r ,   in   t h e  

s e c o n d   s l i t   ( w i d t h :   4  mm;  l e n g t h :   10  mm)  p r o v i d e d   b e l o w  

t h e   f i r s t   s l i t   w i t h   a  d i s t a n c e   of  50  mm  t h e r e b e t w e e n ,  

in  w h i c h   c o o l i n g   w a t e r   ( t e m p e r a t u r e :   20°C)   was  f l o w i n g .  

The  c o o l e d   r e s i n   s h e e t   was  t h e n   w i t h d r a w n   by  t a k e - o f f  

r o l l s   as  i l l u s t r a t e d   in  F i g .   2  ( e x c l u n i n g   E x a m p l e s   4 

and  5 ) ,   w h e r e b y   a  p o l y p r o p y l e n e   s h e e t   was  f o r m e d .   I n  

E x a m p l e s   4  and  5,  t h e   p r o d u c t i o n   of  s h e e t   w a s  

p e r f o r m e d   u n d e r   c o m b i n e d   c o n d i t i o n s   of  t h o s e   o f  

E x a m p l e   2  and  t h o s e   shown  in  t h e   N o t e s   to   T a b l e   1.  T h e  

o p e r a t i o n   c o n d i t i o n s   and  t h e   p h y s i c a l   p r o p e r t i e s   of  t h e  

s h e e t  p r e p a r e d   a r e   shown  in  T a b l e   1 .  





EXAMPLES  6  to   10  

P o l y p r o p y l e n e   ( d e n s i t y :   0 . 9 1   g / c c ;   m e l t   i n d e x :   2 .0   g / 1 0  

m i n u t e s )   was  e x t r u d e d   a t   a  r e s i n   t e m p e r a t u r e   of  2 5 0 ° C  

by  means   of  a  T - d i e   e x t r u d e r   ( d i a m e t e r :   60  mm;  L / D = 2 8 ;  

d i e   w i d t h :   550  mm;  d i e   l i p   o p e n i n g :   1 .5   mm).  T h e  

m o l t e n   r e s i n   s h e e t   t h u s   e x t r u d e d   was  i n t r o d u c e d   i n t o  

t h e   f i r s t   s l i t   ( w i d t h :   2  mm;  l e n g t h   45  mm)  in   w h i c h  

c o o l i n g   w a t e r   ( 1 6 ° C )   was  f l o w i n g ,   and  t h e n   i n t o   t h e  

s e c o n d   s l i t   ( w i d t h :   4  mm;  l e n g t h :   10  mm)  p r o v i d e d   b e l o w  

t h e   f i r s t   s l i t   w i t h   a  d i s t a n c e   of  50  mm  t h e r e b e t w e e n ,  

in  w h i c h   c o o l i n g   w a t e r   ( 2 0 ° C )   was  f l o w i n g .   The  c o o l e d  

s h e e t   was  w i t h d r a w n   by  t a k e - o f f   r o l l s   as  i l l u s t r a t e d   i n  

F i g .   2,  w h e r e b y   a  p o l y p r o p y l e n e   s h e e t   was  p r e p a r e d .  

In  E x a m p l e s   7  to   10,  t h e   s h e e t - f o r m a t i o n   was  p e r f o r m e d  

u n d e r   c o m b i n e d   c o n d i t i o n s   of  E x a m p l e   6  and  t h o s e   s h o w n  

in  t h e   N o t e s   to   T a b l e   2.  The  o p e r a t i o n   c o n d i t i o n s   a n d  

t h e   p h y s i c a l   p r o p e r t i e s   of  t h e   s h e e t   p r e p a r e d   a r e  

shown  in  T a b l e   2 .  

EXAMPLE  11 

P r c p y l e n e - e t h y l e n e   r a n d o m   c o p o l y m e r   ( d e n s i t y ,   0 . 9 0   g / c c ;  

m e l t   i n d e x ,   7 .0   g / 1 0   m i n u t e s ;   e t h y l e n e   c o n t e n t ,   4%  b y  

w e i g h t )   was  e x t r u d e d   a t   a  r e s i n   t e m p e r a t u r e   of  2 2 0 ° C .  

The  T - d i e   and  c o o l i n g   c o n d i t i o n s   w e r e   i d e n t i c a l   t o  

t h o s e   of  E x a m p l e   9.  The  p r o p e r t i e s   of  t h e   s h e e t  

p r e p a r e d   a r e   shown  in  T a b l e   2 .  





1.  A  m e t h o d   of  p r o d u c i n g   a  t h e r m o p l a s t i c   s h e e t   o r  

f i l m ,   t h e   m e t h o d   c o m p r i s i n g   e x t r u d i n g   a  m o l t e n  

t h e r m o p l a s t i c   r e s i n   s h e e t   t h r o u g h   a  T - d i e   and  w a t e r  

q u e n c h i n g   i t   c h a r a c t e r i s e d   in   t h a t   t h e   w a t e r   q u e n c h i n g  

t a k e s   p l a c e   in   a  m u l t i - s t a g e   s l i t   in   w h i c h   c o o l i n g  

w a t e r   i s   f l o w i n g .  

2.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1  c h a r a c t e r i s e d   in   t h a t  

t h e   m u l t i - s t a g e   s l i t   has   f rom  2  to   5  s l i t s .  

3.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1  o r   c l a i m   2 

c h a r a c t e r i s e d   in  t h a t   t h e   w a t e r   l e v e l   in   t h e   f i r s t  

s l i t   of  t h e   m u l t i - s t a g e   s l i t   i s   m a i n t a i n e d   a t   as  l o w  a  

l e v e l   as  p o s s i b l e .  

4.  A  m e t h o d   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m  

c h a r a c t e r i s e d   in  t h a t   t h e   t h e r m o p l a s t i c   r e s i n   i s   a  

c r y s t a l l i n e   t h e r m o p l a s t i c   r e s i n .  

5.  A  m e t h o d   a c c o r d i n g   to   c l a i m   4  c h a r a c t e r i s e d   i n  

t h a t   t h e   c r y s t a l l i n e   t h e r m o p l a s t i c  r e s i n   i s   a  

p r o p y l e n e - b a s e d   r e s i n .  

6.  A  m e t h o d   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m  

c h a r a c t e r i s e d   in  t h a t   t h e   t h e r m o p l a s t i c   r e s i n   c o n t a i n s  

a  n u c l e a t i n g   a g e n t . .  



7.  A  m e t h o d   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m  

c h a r a c t e r i s e d   in  t h a t   t h e   c o o l i n g   w a t e r   i s   a  v i s c o u s  

f l u i d   c o n t a i n i n g   a  t h i c k e n i n g   a g e n t .  

8.  A  m e t h o d   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m  

c h a r a c t e r i s e d   in   t h a t   t h e   t e m p e r a t u r e   of  t h e   c o o l i n g  

w a t e r   i s   f r o m   -10  to   + 5 0 ° C .  

9.  A  m e t h o d   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m  

c h a r a c t e r i s e d   in  t h a t   t h e   s h e e t   or  f i l m   i s   s u b j e c t e d  

to   r o l l   a n n e a l i n g   a t   a  t e m p e r a t u r e   of  f r o m   80  to   1 3 0 ° C  

b e f o r e   w i n d i n g   i t .  
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